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ABSTRACT 
 
 
Thermosonic bonding of the Cu wire on Al bond pad is a common technology used in 
semiconductor industry. However, recent research show voids formation at this bonding 
interface on micro-chip, after an annealing treatment of High Temperature Storage (HTS). 
This voids formation is believed due to the volumetric changes of intermetallic compounds 
(IMCs) formed at the bonding interface. In previous research, effects of Cu free-air-ball 
and bonding temperature with high temperature storage (HTS) treatment on Cu-Al bonding 
interface are unclear. Besides, previous research provides inconclusive knowledge in the 
evolution of Cu-Al bonding interface due to inconsistent observations and variations in the 
bonding parameters. Research with statistical approach could be useful to address this 
limitation, however, it is yet to be established for Thermosonic Cu-Al interconnection. 
Besides, the void formation due to volumetric changes of IMC is discussed only 
qualitatively. A quantitative stress analysis could close the gap of research. Objectives of 
this research are (1) to analyse the correlation of wire bonding parameters, the interfacial 
micro-structure change and mechanical strength of the synthesized Cu-Al bonding 
interface, (2) to propose a theoretical model that describe quantitatively the stress due to 
volumetric changes originated from Cu-Al phase evolution, (3) to evaluate the stress 
generated by Cu-Al phase evolution at the bonding interface and its correlation to the void 
formation. Micro-structural characterizations were focused on crystallographic, 
compositional and mechanical analyses. It was found that bonding temperature resulted in 
an exponential increment for initial overall IMC thickness and average Cu content of the 
phases formed at the bonding interface. Moreover, HTS increase the overall IMC thickness 
by volume diffusion mechanism. The relationship between parameters, mechanical ball 
shear strength and IMC thickness were obtained statistically. A mathematical stress model 
based on assumptions of isotropic and elastic binary solid-solution was proposed. This 
model enabled an estimation of interfacial stresses from compositional measurements. It 
was found that the stress developed by interfacial Cu-Al IMC generally increased with the 
bonding temperature. Besides, forming gas supply was found to be less significant to affect 
the stress development, due to the oxide layers did not hinder much the interdiffusion of 
Cu and Al atoms. However, with HTS, the growth of Cu rich IMC increased the stress and 
caused gap within copper oxide layer. This work addressed the research gaps and offered a 
better understanding of the fundamental of Thermosonic Cu-Al interconnection. The 
results of the stress modelling could be a useful failure analysis technique for 
implementing Cu wire in the industry. 
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ABSTRAK 
 
 
Ikatan wayar kuprum (Cu) pada pad aluminium (Al) secara Thermosonic adalah teknologi 
biasa digunakan dalam industri semikonduktor. Tetapi, kajian baru-baru ini mendapati 
bahawa pembentukan ruang kosong di antaramuka ikatan, selepas penyepuhlindapan 
penyimpanan suhu tinggi (PST). Pembentukan ruang kosong ini dipercayai disebabkan 
tekanan terjana daripada perubahan isipadu sebatian antara logam (SAL) yang terbentuk di 
antaramuka ikatan. Berdasarkan kajian sebelum ini, kesan-kesan ‘bebola-udara-bebas’ 
wayar kuprum, suhu ikatan dengan PST pada antaramuka ikatan Cu-Al adalah tidak jelas. 
Selain itu, kajian sebelum ini tidak memberikan pengetahuan berkesimpulan tentang 
revolusi antaramuka ikatang Cu-Al. Ini disebabkan pemerhatian-pemerhatian yang tidak 
selaras and parameter-parameter ikatan yang bervariasi. Penyelidikan berdasarkan statistic 
adalah berguna untuk menangani batasan ini. Walaubagaimanapun, cara ini belum 
ditubuhkan untuk system Cu-Al Thermosonic. Selain itu, pembentukan ruang kosong 
disebabkan perubahan isipada SAL telah dibincang secara kualitatif sahaja. Analisis 
tekanan secara kuantitatif amat diperlukan. Objektif kajian ini termasuk: (1) untuk 
menganalisis korelasi antara pelbagai parameter tersebut, perubahan struktur mikro and 
kekuatan mekanik antaramuka Cu-Al disintesis, (2) untuk mencadangkan model teori yang 
menghuraikan tekanan disebabkan perubahan isipadu fasa Cu-Al, (3) untuk menilai 
tekanan terjana di antaramuka ikatan Cu-Al and hubungannya dengan pembentukan ruang 
kosong di situ. Pemcirian struktur dari segi kristalografi, komposisi and mekanik diberi 
tumpuan dalam kerja penyelidikan ini. Suhu ikatan didapati membawa kesan kepada 
peningkatan tebal SAL awal (secara eksponen) and kandungan Cu dalam SAL ini di 
antaramuka ikatan. Lagipun, PST didapati meningkatkan ketebalan keseluruhan SAL 
dengan mekanisme peresapan kekisi. Hubungan antara parameter, kekuatan mekanik and 
ketebalan SAL diperolehi scara statistik. Model matematik berdasarkan andaian system 
logam binari isotropic dan elastik dicadangkan. Model ini membolehkan penganggaran 
tekanan antaramuka daripada ukuran komposisi. Tekanan terjana oleh SAL Cu-Al secara 
umumnya meningkat dengan suhu ikatan. Bekalan ‘forming gas’ didapati kurang penting 
untuk memberi kesan dalam pengembangan tekanan. Ini disebabkan oleh lapisan oksida 
berada di antaramuka ikatan tidak menghalang peresapan atom-atom Cu dan Al. Tetapi, 
dengan PST, pertumbuhan SAL yang kaya dalam kandungan Cu meningkatkan magnitud 
tekanan dan menyebabkan pembentukan jurang dalam lapisan kuprum oxida. Kerja ini 
membolehkan pemahaman asas yang lebih baik dalam bidang ikatan Cu-Al Thermosonic. 
Keputusan model tekanan berguna sebagai teknik analisis kegagalan untuk pelaksanaan 
wayar Cu dalam industry semikonduktor.  
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synthesized with forming gas supply OFF and ON, respectively. Insets show 
magnified micrograph in high stress regions for IMC thickness measurements. 
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4.46 The response graph of S/N ratio of ball shear strength with different factors 
and levels. 
177 
4.47 STEM micrographs of the sample S4 synthesized with bonding temperature 
100°C, forming gas OFF and after 500 hours of HTS treatment. (a) shows the 
overview micrograph of the lamella. (b) to (d) are magnified micrographs at 
181 
 xv 
 
some selected regions around the bonding interface. 
4.48 (a) to (d) show the line scan EDX results measured along arrow (i) to (iv) 
defined in Figure 4.47. 
181 
4.49 NBD diffraction patterns obtained from the IMC. The indexing of the 
diffraction patterns matched (a) [1 -1 0] from θ, and (b) [-9 -7 6] from η2 
phases. 
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4.50 STEM micrographs of the sample S5 synthesized at 280°C with forming gas 
OFF and after 500 hours of HTS treatment. (a) shows the overview micrograph 
of the lamella. (b) and (c) are magnified micrographs at selected regions at the 
bonding interface. 
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4.51 (a) to (c) show the line scan EDX results measured along arrow (i) to (iv) as 
defined in Figure 4.50. 
186 
4.52 STEM images of sample S5 that was synthesized at 400°C without forming 
gas supply and after HTS 1000hours. (a) was the overview micrograph, (b) to 
(d) were the magnified micrographs at the selected RoIs. 
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4.53 Compositional studies on sample S9. (a) to (d) were the measurements’ results 
taken along arrow (i) to (iv) as defined in Figure 4.52. 
188 
4.54 (a) The optical image of the wire bonded specimen in leadframe form. (b) The 
schematic demonstrating the material configurations of a unit of specimen. 
192 
4.55 OM image of crushed specimen prepared by the manual collection of the wires 
and micro-chips. 
193 
4.56 (a) FESEM of the crushed Cu-Al specimen, (b) corresponding EDX results 193 
4.57 (a) Optical micrograph of a bundle of the specimen consisted of Cu wires and 
Al bond pads. (b) magnified optical micrograph showing the existence of Al 
under Cu ball bond. 
194 
4.58 EDX analysis on the bottom side of the ball bond. Al was detected. 195 
4.59 XRD diffractograms for the specimens prepared with three different methods. 196 
4.60 (a) The diffractogram from XRD measurement using Noiseless sample holder. 
(b) A duplicate of diffractogram from Figure 4.59(b). 
198 
4.61 SEM EDX validation on the elimination of Cu-Al IMC after etching with 
KOH 50%. 
200 
4.62 Diffractograms after KOH etching with different concentrations. 201 
4.63 (a) The reference model of Cu-Al metal couple with a layer of solid solution 
sandwiched between the pure metals. (b) The plot of Cu concentration versus 
the thickness of the solid solution. 
202 
4.64 The comparison of reported and predicted values of (a) shear, (b) bulk and (c) 
Young’s moduli. 
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4.65 The plot of the predicted solute concentration, C versus fractional 
concentration of Cu, xCu. 
206 
4.66 The plot of the calculated partial molar volume of the solid solution, Ṽ versus 
xCu. 
206 
4.67 The calculated distribution of three components of the diffusion induced stress. 207 
4.68 (a) STEM images on the IMC formation at the bonding interface. (b) The 
corresponding xCu profile. (c) The corresponding predicted stresses. (i) to (iii) 
represent the results of the samples synthesized at 100, 280 and 400°C. 
209 
4.69 (a) STEM image of S7 synthesized at 100°C after 1000 hours of HTS 
treatment. (b) xCu profile obtained from the EDX measurement defined in (a). 
(c) The predicted stress profile along the EDX line across the bonding 
interface. 
212 
4.70 (a) STEM image of the bonding interface of S8 synthesized at 280°C after 
1000 hours of HTS treatment. (b) xCu profile calculated from the EDX 
measurement defined in (a). (c) The predicted stress profile from xCu profile. 
213 
4.71 (a) STEM image of the bonding interface of S1 synthesized at 280°C before 
HTS treatment. (b) xCu profile calculated from the line scan EDX measurement 
defined in (a). (c) The predicted stress profile from xCu profile. 
215 
4.72 (a) STEM micrograph of sample S4 synthesized at 100°C without forming gas 
supply and after 500 hours of HTS treatment. (b) The calculated xCu profile 
from EDX measurement defined in (a). (c) The predicted stress distribution. 
216 
4.73 (a) STEM micrograph of sample S5 synthesized at 280°C without forming gas 
supply and after 500 hours of HTS treatment. (b) The xCu profile from the 
EDX measurement defined in (a). (c) The calculated stress distribution. 
218 
4.74 STEM micrograph of sample S6 synthesized at 400°C with forming gas ON 
and after 500 hours of HTS treatment. (b) the xCu profile from the EDX 
measurement specified in (a). (c) The predicted stress distribution. 
218 
4.75 STEM micrograph of sample S9 synthesized at 400°C with forming gas OFF 
and after 1000 hours of HTS treatment. (b) the xCu profile from the EDX 
measurement specified in (a). (c) The predicted stress distribution. 
219 
5.1 IMC thickness versus HTS durations for the bonding temperatures of (a) 100, 
(b) 280 and (c) 400°C. 
226 
5.2 Histogram of the ball shear strength distribution of samples prepared with 
different temperatures and HTS durations. 
228 
5.3 The plot of ball shear strength versus total IMC thickness. 228 
5.4 The chemical composition distribution at both central and peripheral RoIs. 232 
5.5 Chemical compositional distribution at Cu-Al bonding interfaces of (a) S10, 
(b) S8 and (c) S6. 
234 
5.6 (a) to (d) show the composition profiles of the bonding interface of samples 
S1, S4, S5 and S9, respectively. 
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5.7 The compiled composition profiles and their respective stress profiles of 
sample S1. 
239 
5.8 STEM micrograph of sample synthesized at 280°C with forming gas supply. 
(a) and (b) were that before and after 1000 hours of HTS treatment, 
respectively. Insets in (b) show the magnified micrographs that reveals the 
presence of rod and stripe-like features. 
241 
5.9 STEM micrograph shows the appearance of stripes and rods-like feature 
present at Cu-Al bonding interface. 
243 
5.10 Schematics of proposed mechanism of formations of uncommon features. (a) 
the initial thin IMC formation, (b) with prolonged HTS, volume and lateral 
diffusions of Cu atoms occurred simultaneously, (c) Upon consumption of the 
bond pad, the diffused Cu atoms partially penetrated into Si together with 
inversed diffusion to thicken a new IMC layer with higher Cu content, (d) the 
formations of stripes, rods-like features and periodic Cu composition were 
observed. 
244 
5.11 STEM micrograph of sample S6. The structure of the IMC formed was 
apparently rods-like. 
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